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INTRODUCTION 
Heart disease due to atherosclerotic effect on coronary vessel 
is the common cause of sudden death in population of age above 40 
years and nowadays young people of age less than 40 years are also 
included in this cause of death.1 
Initially by end of 18th and 19th century heart disease 
incidence were less than 5% and death resulting from it was even 
less, and by beginning of 20 th century, death due to heart disease 
was about 10% allover the globe. In the starting of 21st century with 
the scientific discoveries and new diagnostic modalities, the 
incidence rate increased to 50% all over globe that is, the death rate 
due to heart disease were almost half among total death toll in the 
world.2 
Even with modern diagnostic tools and early detection and 
treatment myocardial infarction are the superior and topmost killers 
and destroyer of human beings today.3 
That is the reason, coronary artery disease the basic 
underlying cause of myocardial infarction being called as ‘the 
Captain of men of death’ and it contributes to a major number of 
postmortem being done in India by our forensic doctors.4 
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On entering 2020, Coronary artery disease leading to 
myocardial infarction and other heart conditions will cause more 
than 25 million death over globe in a year. Among non 
communicable diseases, coronary artery disease will be the top and 
it will overtake other communicable diseases which causes death 
and will become first rank killer. 
India accounts 16-17% of worlds population and coronary 
artery disease accounts one fourth of death rate here. As a result of 
westernization in food and life style we Indians have highest 
prevalence of CAD among various ethnic group living all over 
world.5 
The term sudden cardiac death which includes all death by 
natural cause due to pathology in heart, causing acute symptoms 
like chest pain, giddiness or abrupt loss of consciousness and 
resulting in death within one hour from onset of symptoms. Some 
school of study consider the time lag upto  one day.6 
Myocardial infarction due to coronary artery ischemia are 
often the common cause leading to sudden cardiac death. Death is 
usually due to cardiac arrhythmias particularly ventricular 
fibrillation caused by myocytes irritability stimulated by ischemia. 
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During autopsy of such cases, coronary atherosclerosis of 
varying percent in either one or both coronaries will be seen 
without any evidence of gross or microscopic changes which are 
usually seen in coronary artery disease leading to MI. 
Deaths seen  several hours after onset of symptoms due to 
acute myocardial infarction are mainly due to self neglect or 
misunderstanding the pain as due to gastritis leading to death in 
unexplained way. Those death which occurs after several hours can 
be revealed by microscopic examination of the affected tissue and 
may be seen in naked eye if the time lag is more than 1day.7 
Usually in autopsy of such sudden cardiac death cases, 
evidence for myocardial infarction is collected usually based on the 
atherosclerotic plaque occluding either one or both coronaries main 
or its branches, and also histopathological  examination will give 
positive finding for myocardial infarction only after a significant 
time lag between onset of symptoms and death might be around 
12hours. Waiveness of myocardial fibres will be seen around 
6hours after onset of symptoms and also neutrophils  infiltration 
into the interstitial can only be noted at 12hours after the symptoms 
starts. 
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Anyhow, signs of irreversible injury in the myocardium can 
be seen as early as 3hous in electron microscopy after death. 
Using enzyme histochemistry loss of lactate dehydrogenase 
can be seen at  5 hours after infarct.8 
In order to evaluate and diagnose the infarction early, several 
studies have laid much importance in application of cardiac 
markers to diagnose AMI.Biomarkers in blood with increased 
sensistivity to detect myocyte necrosis makes to arrive diagnosis of 
MI in 30% of individuals who might have missed to diagnose in 
other conventional ways. 
Once cardiac biomarkers importance realized among 
clinicians, various markers were used like AST, CPK, CK-MB, 
LDH, Troponin T.Among these markers CK MB and Troponin 
gained much importance in diagnosing AMI as their sensitivity and 
specificity were more and reliable than others .In the following 
thesis the level of CK-MB is compared with pericardial fluid and 
ventricular blood in the sudden cardiac death cases for the 
diagnosis of AMI.creatine kinase also called creatine 
phosphokinase is an enzyme involved in the metabolism of many 
body tissues and cells. 
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Creatine kinase is involved in the following reaction where 
creatine  gets converted to phospho creatine  (PCR) in which 
Adenosine triphosphate (ATP) gets consumed and adenosine 
diphosphate gets released along with phospho creatine (PCR). This 
entire conversion is reversible and hence ADP and PCR can 
generate back ATP.  
Tissues of body which uses more ATP like skeletalmuscle, 
brain, photoreceptor cells of  retina, inner ear hair cell, spermatozoa 
and to lesser extent smooth muscle, phospho creatine used as base 
and gets rapidly converted to creatine and releases ATP.9,10 
In practical usage CK is used as marker of damage in ck rich 
tissues and cells as mentioned above. It is used in conditions like. 
Myocardial Infarction  
Acute tubular damage  
Rhahdomyolysis  
Muscular dystrophy  
Autoinmune conditions 
Creatine kinase consist 2 subunits namely. 
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M TYPE seen in muscle  
B TYPE seen in Brain  
Three isoenzymes of creatine kinase detected so far namely. 
CK MM  
CK BB 
CK MB 
Chromosome for M sub unit lies in 19q13 and for B subunit 
lies in 14q32. Apart from cytosolic isoenzyme, two different 
mitochondrial isoenzymes were also detected which are mainly 
concerned with phosphocreatine formation directly from ATP of 
mitochondria.  
Every tissue in body which are rich in CK express its enzyme 
in different pattern. 
Skeletal muscle shows high level CK-mm (98%) and CK-MB 
to only 1% whereas myocytes shows CK-MM at 70% and CK-MB 
30%. In total CKBB shows high level in smooth muscle, uterine 
muscle and brain. Thus due to its nature of expressability CK-MB 
being used to diagnose  AMI. 
Aims and Objectives 
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AIMS AND OBJECTIVES 
1) To estimate the level of cardiac isoenzyume CK-MB and its 
rise, in left ventricular blood in the cases of sudden cardiac 
death cases. 
2) To compare its level with CK-MB of pericardial fluid in the 
same autopsy cases. Sudden cardiac death cases are selected 
in such a way that the time internal between the onset of 
symptoms and the death is of approximately less than one day 
(that is less than time taken for gross appearance of 
myocardial infartion in heart). cases considered in the study 
and chosed based on the autopsy finding of heart either 
atherosclerotic plaques seen in inner surface of root of aorta 
cases or narrowed coronaries of 75% or Left Ventricular 
Hypertrophy  or other features of CAD. Cases in this study 
are selected mainly on naked eye examination of heart and 
not by histopathologic examination. 
3) CK-MB level is seen in cases like road traffic accident and 
natural death cases. One third of total cases of this study falls 
in this group. 
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4) Finally among the sudden cardiac death cases and control 
cases the CKMB level in pericardial fluid and in left 
ventricular blood compared for its sensitivity and specificity. 
Review of Literature 
  
 9
HEART EMBRYOLOGY 
 
 
Origin of heart start from embryonic mesoderm layer cell 
which rearrange itself into mesothelium, endothelium and 
myocardium after gastrulation. Hearts outer lining area is by the 
mesothelial pericardium, whereas endothelium forms the inner 
lining of heart, blood vessels and lymphatics.11 Embryology of 
heart originates with the two endocardial tube formation. These two 
endocardial tubes merges with eachother and form tubular 
heartwhich is also called primitive heart tube.the loops seen 
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inbetween the merge septates into the four heart chambers and 
paired arterial trunk that finally ends as an adult heart.By fourth to 
fifth week of gestation ,heart is the first functional organ to beat 
spontaneously in vertebrate embryos.12 Tubularheart differentiate 
into bulbus cordis, truncus arteriosus,primitive ventricle,primitive 
atrium,and the sinus venosus.ascending aorta and pulmonary artery 
are further formed by the split of truncus arteriosus.ventricles are 
formed from bulbus cordis.fetal circulation is connected by sinus 
venosus.further atria and ventricles are seperated on both sides by 
septa.13 
HEART MUSCLE HISTOLOGY 
Cardiac muscle (heart muscle) is an involuntary striated 
muscle seen in the walls and it is the histological basic of cardiac 
tissue, the myocardiocytes or cardiomyocyes are the cells that 
constitute cardiac muscle which usually contain a single nucleus, 
although cells with more than two nuclei also exist. The muscle 
tissue of heart which forms a thick middle layer between the inner 
endocardium and outer epicardium layer is the myocardium. 
Contration of cardiac muscle cells in heart pumps blood out of both 
atrium and ventricles to the left/ body/ systemic and right/ lungs/ 
pulm onary circulatory system which is the systole.14 
 11
Cardiomyocyts mainly rely on the available blood and supply 
of electrical charge to deliver O2 and other nutrient and remove 
CO2 like waste products. To fulfill this purpose coronary arteries 
plays a main role. Cardiac muscle exhibits cross striations formed 
by thick and thin protein filaments in an alternating segments. 
Actin and myosin are the primary structural proteins of cardiac 
muscle like skeletal muscle. Every single cardiac myocytes 
connected to an electro chemical syncytium by an complex 
adhering structure intercalated discs.Contraction initated by release 
of calcium in sarcoplasm and relaxation produced by reuptake of 
calcium. 
CARDIAC MUSCLE CONTRACTION 
One heterotrimeric Troponin complex containing Troponin C, 
Torponin I and Cardiac Troponin X and tropomyosin dimmer 
interact with seven actin monomers. Tropomyosin ends are sticky 
so that they interact among each other and a thread, continuous of 
tropomyosin is located in actin helix groove.15 
Actin and myosin slide against each other which is the basis 
of cardiac muscle contraction. This action is initiated by interaction 
of myosin heads with actin. Dissaociated myosin hydrolyes ATP 
into ADP and inorganic phosphate, but this complex causes the site 
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very slowly and between time the myosin head having ADP and 
phosphate interacts with actin and forms a week complex. Later this 
gets converted to strong binding or contraction.15 
When myosin head moves over actin, phosphate from myosin 
head is liberated, angle between the myosin head and actin gets 
doubled. This gives power so that actin slides against myosin, later 
myosin head get disattached from actin after production of ADP 
and binding of a new ATP molecule and then the cycle is again 
repated for another contraction. 
Initially the ventricular cardiomyocytes initates and upshot 
action potential by sodium ion entry across the sarcolemma. This 
action potential is sustained by the inward flux of extra cellular 
calcium ions through calcium channels. The mechanism of calcium 
induced calcium release from sarcoplasmic reticulum is the reason 
for calcium dependence when the intracellular concentration of 
calcium increases calcium bind to troponin. As torponin is removed 
from myosin, it bind to actin and initite contraction. 
BASIC ANATOMY OF HEART 
The heart is a muscular organ that pumps blood all over the 
body, with a rhythm of conduction which is being initated at 
sinoatrial node by pace maker cells. Then the conduction of current 
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causes contraction and pasess to atrio ventricular node and to 
purkinje fibre and bundle of his. Heart receives low level 
containing oxygen from circulation and through superior and 
inferior venacava enters the right atrium and to ventricle, from 
there it passes to lung by entering pulmonary circulation and there 
it receives O2 and gives off CO2. The high level oxgygen contained 
blood returns to left atrium and passes to left ventricle and through 
aorta it enters systemic circulation and gets used and O2 
metabolized to CO2.16 
Heart is situated at level of T5-T8 in the middle mediastinum. 
Pericardium a double membraned sac covers the heart fully and 
anchors to the middle mediastinum. Front surface of heart placed 
back to ribs and sternum, while back surface is nearby to vertebral 
column17. Upper part of heart gives major blood vessel attachment 
like venacavas, aorta and pulmonary trunk. 
The apex of heart seen 8 to 10cm away from midsternal l ine 
between fourth and fifth ribs at the place of their articulation to 
costal cartilages, while the upper part of heart seen at the level of 
third costal cartilage correspondingly17. 
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Most of the heart seen located to left side of chest since left 
heart is stronger and it supplies blood to all over the body. left lung 
is smaller than right lung as it accommodate heart and has a cardiac 
notch on its border. Heart is conical in shape with its base up and 
apex below. 
 
CARDIAC MUSCLE HISTOLOGY 
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CORONARY ARTERIES 
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NORMAL ADULT CIRCULATION 
An adult heart is roughly 300-350 gms in weight 5inch in 
length, 2inch in thickness and 3inch wide. In athletes like skeletal 
muscle, cardiac muscle size increases and so they have a larger 
heart. 
Human heart contain four chambers, two atria right and left 
located in upper segment and the two discharging chambers 
ventricles left and right .atrioventricular septum is this place where 
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atria opens into ventricle. This distinction called coronary sulcus 
seen on the surface of heart17. right atrial appendage seen in upper 
right atrium and similarly left atrial appendage seen in upper left 
atrium. Anterior longitudinal sulcus and posterior interventricular 
sulcus visible on surface is the interventricular septum which 
sepearates two ventricles. 
The cardiac skeleton is made of dense connective tissue and 
this gives a tougher  structure to heart, it forms atrioventricular 
septum which separates atrium from ventricles. This dense 
connective tissue provides electrical conduction to heart. Ventricles 
generate greater pressure when they contract and hence 
interventricular septum is thicker than inter atrial septum. 
Heart has four valves. AV valves present between atrium and 
ventricle and semi lunar valve at the point of exit in ventricle. AV 
Valve on right side is tricuspid valve which has to three cusp, 
which connect to cordae tendinae and three papillary muscles. The 
AV valve between left atrium and ventricle is mitral valve or 
bicuspid value, which has two cusps. These cusps are attached 
through chordae tendinae to papillary muscles18. 
Chordae tendinae are the catillagenous connections which 
extends from the wall of heart to valves. Papillary muscles prevent 
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the value from falling back while closing. In relaxation phase of 
cycle papillary muscle releaxed and it contract when chambers 
contract. This action produce tension on chordae which hold the 
cusps of AV value and prevent going back into atria17. 
Semilumbar value called pulmonary value situated at the base 
of pulmonary artery and aortic valve at the base of aorta. These are 
not attached to papillary muscles. These value has three cusp which 
close with the pressure of blood flowing back from aorta and 
pulmonary artery. 
RIGHT HEART 
Right atrium receives blood from two major veins of body, 
the superior and inferior venacava and small quantity of blood 
enters through coronary sinus into right atrium. Fossa ovalis is an 
oval shaped depression in right atrial wall. It is an remnant of an 
fetal heart called as foramen ovale. Pectinate muscle present as 
prominent ridges on the anterior surface. Right ventricle wall lined 
by trabeculae carneal which are ridges of cardiac muscle. Right 
ventricle taperes into the pulmonary trunk. Blood fron right 
ventricles is pumped into pulmonary trunk on contraction. 
pulmonary artery further spits into right and left which carry blood 
to corresponding side of lung. 
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LEFT HEART 
From the lung oxygenated blood enters left atrium via 
pulmonary veins which are four in number. left atrium get 
connected to left ventricle by mitral valve. Left ventricle is much 
stronger and thicker then right ventricle as greater force needed to 
pump blood to systemic circulation passing through aortic valve 
blood enters aorta. 
Two opening above aortic valve carry blood to heart itself, 
the right coronary artery and left main coronary artery.  
FETAL CIRCULATION OF HEART 
Since the lungs are not functional in prenatal or fetal period 
the fetal circulation works in a different way from normal adult 
circulation. Through placenta and the umbilical cord the oxygen 
and other nutrients enter the fetus. The severance of the umbilical 
cord and advent of breathing prompt various neuro endocrine 
changes that shortly transform fetal circulation into post natal 
circulation. 
Through the placenta blood from maternal is carried to fetus 
by umbilical vein. Small fraction of this blood enters the fetal 
ductus venosus and is carried to inferior venacava. The remaining 
blood enters liver from its inferior border. Right lobe of liver which 
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is been supplied by umbilical vein branch initially joins with the 
portal vein. Blood then travels to right atrium. Foramen ovale, a 
small opening present between right atrium and left atrium is seen, 
the maximum blood passes through this hole into left atrium thus 
bypassing the pulmonary circulation. The blood filled in left atrium 
is them passed into left ventricle and from these it is pumped 
through the aorta into the body. Some blood from aorta escapes to 
internal illac arteries to umbilical arteries and reenters the placenta 
where CO2 from fetus are carried to maternal circulation19. 
Some blood in right atrium do not pass into left atrium 
through foramen ovale but instead enters right ventricle and travels 
into the pulmonary artery. Ductus arteriosus an opening present 
between aorta and pulmonary artery through which most of the 
blood carried away from the lung. 
In fetus placenta functions as the respiratory center as well as 
site of filtration for nutrients and wastes. Water, glucose, amino 
acids, vitamins diffuse freely across the placenta along with 
oxygen. The uterine arteries carry blood to the placenta. O2 diffuse 
from placenta to the chorionic villus. Where it is then carried to 
umbilical vein. 
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After brith, the infant starts to breath, then there will be a 
decrease in the pulmonary vasculature resistance which increases 
the pressure in left atrium than right atrium and leads to close of 
foramen ovale which is then referred to as fossa ovalis.  
The increase in the concentration of O2 in the blood leads to 
decrease in prostaglandins which cause closue of ductus arteriosus. 
This closure prevent blood from by passing pulmonary circulation 
and allows the neonate blood to become oxygenated in the newly 
operational lungs20. 
ADULT CORONARY CIRCULATION 
Heart is a hallow muscular pumping organ situated in the 
middle mediastinum. Heart is supplied by right and left coronary 
arteries. The right coronary artery arises from the right coronary 
ostia at root of aorta, on leaving it passes anteriorly,  and travels in 
the coronary groove between atria and ventricle, and encircles in 
inferior borders of the heart, where it gives marginal branch and 
runs in the posterior coronary groove where it gives posterior 
interentricular branch and that descends in the posterior inter 
ventricular groove towards apex. 
At the apex it anastomoses with the branches of left anterior 
descending artery. The marginal branch runs along the inferior 
 22
broder towards the apex. The left coronary artery arises from left 
coronary ostia at aortic root transverses smaller distance between 
left auricle and pulmonary trunk and reaches the coronary groove, 
where it is divides in to left anterior descending artery and left 
circumflex artery21. 
The left anterior discending (LAD) artery runs in the anterior 
inter ventricular groove towards the apex, where it anastomoses 
with the posterior interventricular artery. The left circumflex artery 
lies in the coronary groove, encircles the left border of the heart 
and anastomoses with the terminal branches of the right coronary 
artery. In 33% of the individual the posterior descending artery is 
the continuation of left circumflex artery. 
SA node, AV node, left atrium, total right ventricle except for 
a small area of anterior vall adjacent along the inter ventricular 
septum, posterior one third of the inter ventricular septum and 
small area of posterior wall of left ventricle adjacent along inter 
ventricular septum are supplied by right coronary artery (RCA). 
Left coronary artery (LCA) supplies the left atrium, entire left 
ventricle except small area of posterior wall adjacent along inter 
ventricular septum, anterior two third of inter ventricular septum 
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and small area of anterior wall of right ventricle adjacent along 
inter ventricular septum. 
By convention, the artery which continues as posterior 
descending artery is called dominant artery. LAD constantly 
supplies 50-60% of the total left ventricular mass. Variations in the 
pattern of the coronary artery and its branches and areas of blood 
supply by the respective coronaries are increasingly not uncommon. 
In many hearts, the left anterior discending artery is longer 
than the posterior descending artery, it encircles at the apex and 
supplies posterior wall of left ventricle. Functional anastomosis or 
collateral blood flow between major arteries in normal heart 
isminimal, thus coronaries are “End arteries”. In males, the weight 
of heart is 350gms, in female it is 300gms. 
ISHCEMIC HEART DISEASE 
Ischemic heart disease (IHD) is described as acute or chronic 
form of reduced capacity of heart dueto loss of balance between the 
myocardial supply and demand for oxygenated blood. IHD is also 
called coronary artery disease since narrowing or obstruction of the 
coronary artery is the most common cause for myocardial anoxia. 
In developed countries one third of all deaths are due to coronarary 
artery disease and in developing countries the incidence is lower. 
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Men develop CAD earlier in their life than women and even the 
death rate due to CAD is higher in males. 
The etiology of IHD, most common and major role played by 
atherosclerosis accounting for 90% of the cases and other causes 
accounts for 10%. 
In totral etiology can be classified as follows. 
Coronary atherosclesoris 
Modified changes in coronary atherosclerosis. 
Non atherosclerotic causes 
CORONARY ATHEROSCLEROSIS 
Coronary atherosclerosis accounts for 90% of the cases of 
coronary artery disease. atherosclerotic plaques in coronary arteries 
are seen in one or more of the three major coronary arterial system, 
the first being anterior descending branch of the left coronary, 
followed by right coronary artery and then by circumflex branch of 
the left coronary artery. Single vessel disease most commonly left 
anteriorly descending artery is seen in one third patients. 
Remaining patients either have two vessel disease or three vessel 
disease. In todays modernized world any adult will show 
atherosclerostic plaque scattered throughout the coronary artery, 
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but significant stenotic lesion may produce myocardial ischemia 
shows more than  
75% reduction in the cross sectional area of a coronary artery. 
Severest involvement is about 3 to 4cm from the coronary ostia 
more often at or near the bifurcation of the arteries, suggesting the 
role of hemodynamic forces in atherogenesis.  
The plaques are more often eccentrically located bulging into 
the lumen from one side of coronary artery. Some time there may 
be concentric thickening of the wall of coronary artery. 
The plaques produces gradual luminal narrowing that may 
finally lead to coronary obstruction. Atehroma of coronary artery 
are same to those attending anywhere on the arterial system of 
body. 
MODIFIED CHANGES IN CORONARY 
ATHEROSCLEROSIS 
1.Acute changes in chronic atheromatosus plaque. Acute 
coronary episodes are often precipitated by sudden changes in 
chronic plaque such as plaque haemorrhage, fissuring or ulceration 
that results in embolisation of plaques. Sudden coronary spasm, 
tachycardia, intra plaque haemorrhage and hyper cholesterolaemia 
can stimulate chage in acute plaques. 
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2.Coronary artery thrombosis. Potential or complete coronary 
thrombosis precipitate transmural acute myocardial infarction. 
Chronic atheromatous plaque ulcerate on its surface and initiate the 
thrombus, ultimately leads to the coronary lumina to obstruct fully. 
The lipid part of the plaque is highly thrombogenic. Thrombotis 
material of small size gets dislodged, and travels to terminal 
coronary branch and produce microinfarct in the heart.  
3.Local platelet aggregation and coronary artery spasm. Local 
aggregation of platelets on the atheromatous plaque forms thrombus 
which dislodge and the emboli travels. thromboxane A2 a 
vasospasmic mediator is released by the aggregated platlets which 
produce coronary vasospasm in th preexisting atherosclerotic 
artery. 
NON OTHER SCLEROTIC CAUSES 
1.Stenosis of coronary ostia: Coronary ostial narrowing may 
result from extension of syphilitic aortitis or from aortic 
atherosclerotic plaque encroaching on the opening. 
2.Vasospasm: When there is no significant atherosclerotic 
coronary narrowing which may cause angina or myocardial 
infarction, it is possible to document vasospasm of one of the major 
coronary arterial trunk. 
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3.Arteritis: Inflammation involving coronary arteries or small 
branches like in rheumatoid arteritis, polyarteritis nodosa, thrombo 
angitis obliterans, Takayasus disease, Kawasaki’s disease and other 
bacterial infection may produce damage to myocardium. 
4.Thrombotic disease: Hypercoagulability fo the blood may 
produce thrombus in conditions such as shock, polycythemi vera, 
sickle cell anaemia and thrombotic thrombocytopenic purpura. 
5.Embolism: Left coronary artery may be some time occluded 
by emboli originated elsewhere on the body. This may lead to 
ischemic heart disease. The weandering emboli may have originated 
from vegetation of endocarditis, fatembolism and air embolism may 
occur. 
6.Trauma: Penetration injury produce contusion of coronary 
artery which cause thrombotic occlusion. 
7.Aneurysms: Extension of dissecting aneurysm of the aorta 
into the coronary artery may produce thrombotic coronary 
occlusion. Rarely congenital, mycotic and syphilitic aneurysms may 
produce same obstructive effects. 
8.Compression: A primary or secondary tumour of heart 
compressing coronary artery may result in coronary occlusion. 
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MYOCARDIAL ISCHEMIA 
Cardiac disease are not always the casue for development of 
lesion in the coronary artery. Depending on onset, degree, duration, 
location and extent of attend area thre can be two types of ischemic 
presentation. 
1Myocaridal infarction 
2Non infarct effect of myocardial ischemia which inclues 
              Angina pectoris 
              Chronic ischemia heart disease 
               Sudden cardiac death23. 
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MYOCARDIAL INFARCTION 
Definition for MI: 
Criteria for acute,evolving or recent MI: 
                   To diagnose acute, evolving or recent MI any one 
of the following criteria should be satisfied. 
1) Quick rapid rise and fall of cardiac isoenzyme CK MB or 
slow rise and gradual fall of cardiac isoenzyme Troponin 
which are the markers of myocardial necrosis with atleast one 
of the following: 
a. ECG changes ST segment elevation or depression which 
are indicative signs of ischemia. 
b. Ischemic symptoms. 
c. Coronary artery intervention like coronary angioplasty. 
d. Development of pathologic Qwave in ecg. 
2) Pathologic finding of acute MI. 
 30
CRITERIA FOR ESTABLISHED MI: 
Established MI can be diagnosed by any one of the following: 
1) The patient may or may not knowor  his memory would be 
less regarding previous symptoms and signs. 
2) New Qwave seen on repeated monitoring of ecg. 
3) Cardiac iso enzyme would have returned to their normal 
value corresponding to their physiology. 
CLINICAL FEATURE OF MI 
The commenest and the chief symptoms of unstable angina or 
NSTEMI is chest pain ,typically located in substernal region on left 
side of chest or sometimes in epigastrium. The pain usually radiates 
to the neck,left shoulder and left arm. The pain may also radiate to 
left side of lower jaw. In certain patients dyspnea and abdominal 
discomfort may be the presenting complaints. In many patients 
physical examinatin may be un remarkable. 
In cases of large NSTEMI or ischemia extending to larger 
area of myocardium,the findings can be cool skin, tachycardia, an 
additional heart sound, basal rales, diaphoresis and even 
hypotension mimicking the findings of large ST elevated 
myocardial infarction. 
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ST ELEVATED MYOCARDIAL INFARCTION: 
STEMI patients mainly complaint of chest pain.the pain is 
substernal ,deep and most likely visceral.  Terms used to describe 
the pain are squeezing , crushing , big object over chest , heavy and 
tearing . Angina pectoris produces similar pain but the intensity and 
duration are less than STEMI. Other associated symptoms are 
sweating all over the body , vomiting , anxiety , and confused mind. 
The pain usually starts at rest , but when it starts after an 
physical exertion then the pain wont stop even after stopping the 
activity unlike angina pectoris.few other symptoms which are less 
common are sudden loss of consciousness , a state of confusion , a 
sensation of weakness ,arrhytmias , reduction of arterial pressure 
.MI is strongly suggested when pain in chest lasting for more than 
30 minutes and diaphoresis are present. 
Parasympathetic activity is seen over half of the patient 
(hypotension and or bradycardia) and upto one fourth of patients 
with anterior infarction have manifestation of sympathetic 
hyperactivity. 
Other physical signs which includes paradoxical splitting of 
second heart sound , reduced intensity of first heart sound , 
additional heart sounds . in MI there is dysfunction of mitral valve 
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which results in mid diastolic or late systolic murmur. During first 
week of MI rise of temperature may be present. 
The arterial pressure is varible in most of patients with 
transmural infarction,systolic pressure declines by approximately 
10- 15 mmhg from the normal state. 
LABORATORY INVESTIGATIONS 
ELECTRO CARDIOGRAM 
In 50% of the cases there may be ST segment depression , 
transient ST segment elevation and or T- wave inversion 
seen,depending on the clinical presentation of its severity. T wave 
changes are sensitive for ischemia but are less specific. 
STEMI 
ST segment elevation in two or more contiguous leads 
corresponding to the wall supplied by the epicardial artery are 
seen.75% of patients develop Q wave. As time progress ST segment 
elevation gradually reduced to normal and T wave inversion occur. 
This  T wave inversion persist for weeks to months or some time 
for few years. 
NSTEMI 
Unstable angina patients with increased duration of rest pain 
develop evidence of myocardial necrosis on the basis of cardiac iso 
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enzyme such as CK MB and Troponin T or I or both are diagnosed 
to have NSTEMI. 
Leucocytosis particularly neutrophils appear within few hours 
after chest pain onset and persist for a 3-5 days,WBC count reaches 
a level of 12000-15000.ESR gets elevated slowly and sometime 
persist elevated for 1 to 2 weeks. 
BIOCHEMICAL MARKERS FOR THE EVALUATION OF MI  
CK-MB get elevated in 4 to 12 hrs after MI,reaches a peak in 
24 hrs and returns to base line by 48-72 hrs. 
Cardiac Troponin T gets elevated in 3-12 hrs,reaches a peak 
by 24hour to 2 days and return to normal in 5-15 days. 
CKMB tissue isoform elevate in 1-6 hrs and reaches its peak 
by 18 hrs and return to baseline by a period which is not clear in 
trials 
CK MM tissue isoform elevates by 1-6 hrs and reaches peak 
by 12 hrs and reduce to its normal level by 24 hrs. 
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CARDIAC IMAGING 
Two dimensional echo cardiography,abnormality of wall 
motion are almost universally present. Left ventricular function can 
be estimated, and also right ventricular infarction,ventricular 
aneurysm,left ventricular thrombus can be evaluated. 
Mitral regurgitation and ventricular septal defect can be 
detected and quantified by doppler echo. 
Myo cardial perfusion imaging with 210 TI or 99m Tc- 
sestamibi which are distributed in proportion to myocardial blood 
flow and concentrated by viable myocardium reveal a defect in 
most patients during the first few hours after development of a 
transmural infart but it is not specific for new or sudden onset of 
MI. 
PATHOLOGY OF MI 
1) Mechanism of myocardial ischemia; 
a. Reduced coronary blood flow in conditions like shock or 
CAD. 
b. Myo cardial demand increased state like exercise or 
emotion. 
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c. Hyper trophy of heart alone with no increase in blood flow 
into it like hypertension. 
2) Platelets 
When the atherosclerotic plaque ruptures it gives way for 
endothelial collagen to get exposed to circulating platelets. It gets 
attached to collagen and buid up platelet mass which then initiate 
thrombus or develop into emboli. 
3) Complicated plaques 
a. intramural haemorrhage: This condition is seen in one 
third of the cases of acute MI. both may combine and 
present in some patients. 
b. super imposed coronary thrombosis: This condition is seen 
in onehalf of patients of acute MI. infusion of fibrinolysins 
in first few hours after mi will restore blood flow in 
blocked vessels. 
4) Non aterosclerotic causes 
Coronary vasospasm. 
Ostial stenosis of coronary artery. 
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Embolism 
Trauma 
Outside compression. 
5) Transmural and sub endocardial infarcts: 
a. Transmural infarct: Common type.95% cases falls in this 
type.narrowing of coronary artery is greater than 75%. 
Super imposed thrombosis and intra mural haemorrhage 
are significant. 
b. Sub endocardial infarct: Reduced coronary perfusion due 
to atherosclerosis. Aortic stenosis or shock seen.sub 
endocardium is least in vascularity and any reduction in its 
supply is very sesitive.super imposed coronary thrombosis 
is seen in this group too. 
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MYOCARDIAL INFARCTION 
Myocardial infarction is the ischemia induced myocytes death 
which is due to perfusion imbalance between the supply and 
demand of the heart24. MI is the commonest clinical picture of IHD 
,leading to death in most developed countries.risk factors for MI: 
 Age 
 Hypertension 
 Hypercholesterolemia 
 Diabetes 
 Hyper lipoprotenemia 
 Obesity 
 Hypertriglyceridemia 
 Ocp intake 
 Cigarette 
 Sedentary life style 
 Male sex 
 Hypo thyroidism 
 Type A personality 
 Neprotic syndrome 
Generally womens are protected through out their 
reproductive period of life,but after menopause they carry equal 
risk as men. Hypertension is an serious risk factor than other 
factors. 
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PATHOLOGICALLY MI DIVIDED INTO 
 Acute 
 Healing 
 Healed infarct 
Acute MI is characterized by infiltration of itnerstitium by 
neutrophils in the beginning. The presence of macrophage, 
fibroblast and absence of neutrophils represent healing MI. Healed 
infarct manifest as a scar without cellular infiltration25. 
 MI classified by the size as 
 Microscopic.  
 Small (10% of the left ventricular myocardium). 
 Moderate (10-30% of the (LV) Myocardium) 
 Large (30% or more of the (LV) Myocardium) 
In typical case of acute transmural MI, the following 
sequence of events occur. 
Sudden change in plaque like ulceration, fissure or 
haemorrhage. 
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Platelet adhesion, aggression, activation and release of factor 
on  exposure to necrotic plaque. 
Tissue thromboplastin released initiate coagulation pathway. 
Thromboxane A2, serotonin and platelet release factors 
favours vasospasm and increase the bulk of thrombus. 
LOCATION OF MI 
The most commonly affected chamber is left ventricle. MI are 
mostly transmural which involve the whole thickness of 
myocardium of the chamber wall in the region supplied by a 
coronary artery which is defective. Inner ½ of chamber wall is 
involved in non transmural that is subendocardal infarction .  left 
ventricle is more prone for ischemic damage and has 20% greater 
oxygen utilization per gram of tissue of heart. In case of diabetes 
and hypercholesterolemia subendocardial infarction is common as 
these condition ends up in triple vessel disease. 
The posterior medial papillary muscle supplied by right 
coronary is commonly affected than antero lateral papillary muscle. 
In both transmural and subendocardial infract the papillary muscle 
necrosis are seen. Ischemia first occur in central zone of papillary 
muscle. 
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In case of hypotension, global infarction produced by reduced 
perfusion and the myocytes damage is full thickness. In transmural 
infarct at least a part of left ventricle including septum is involved. 
Right ventricular infarction alone occurs in 1% of cases. In 
one half of cases narrowing or thrombus occlusion occurs in left 
anterior descending artery which causes ischemic effect in anterior 
wall of left ventricle and anterior 2/3 rd of IV septum. In one third 
cases there will be right coronary artery occlusion which produce 
infarct in inferior and posterior wall of left ventricle, posterior 1/3rd 
of IV septum and posterior wall of right ventricle. Left circumflex 
coronary artery involvement is rare which affect lateral 
involvement is rare which affects lateral wall of left ventricle . 
Thus left ventricular ischaemic damage is caused by occlusion of 
either coronary artery26. 
Extension of infarct may occur over a period of few weeks, 
which is due to retrograde propogation of thrombus, imapaired 
contractility of the infarct zone which further adjust the blood flow 
through the narrowed artery and proximal vasospasm of the 
concerned artery. 
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MORPHOLOGY OF MYOCARDIUM 
Myocytes exhibits cross striations and intercalated disk which 
are deeply staining cross bands. Cell adjacent are attached by this 
intercalated disk. This cells attachment result in fibres which are of 
variables length. Myocytes contain numerous cylindrical cells 
arranged end to end of each one. Some myocytes may join with two 
or more cells through disk for forming branched fibres27. 
Gap junction in lateral side of the intercalated disk gives 
ionic connectivity between cells which are adjacently placed. One 
nuclei is seen in each myocytes, multiple mitochondrial which 
occupies  major volume of cytoplasm, where as in skeletal muscle it 
is of only 2% and this reflects the need for continuous aerobic 
metabolism in myocytes. 
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GROSS FEATURES OF MI 
First 6 
Hours 
No change or pale. 
Upto 12 
hours 
No change. TTC test negative 
Upto 1 
day 
Reddish cyanotic area of haemorrhage. 
1-3rd day Pale  and hyperaemic. 
4th day Border well defined. yellow in colour. yellow border is 
due to neutrophils infiltration 
Till one 
week 
Colour changes from yellow to yellow green. soft and 
thin hyperemic border. 
by 10th 
Day 
Periphery of infarct becomes purple due to granulation 
tissue. The necrotic muscle reabsorbed and infarct 
shrinks. 
By 6th 
Week end 
Fibrous scar grey, thin, hard, shrunken replacing infarct 
area 2-3 months. 
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MICROSCOPIC FEATURES OF MI 
Till ½ 
hours 
Nil changes. 
½ hour to 
4 hours 
Variable waviness of fibres at border. 
4-12 hurs Coagulative necrosis begin. Odema and haemorrhage 
seen. Neutrophilic infiltration begins 
12-24 
hours 
Coagulative necrosis progress. Pyknosis of nuclei. 
Marginal contraction. Hyper eosinophilia, Marginal 
neutrophils infiltration. 
1-3 days Coagulative necrosis complete. Loss of nuclei, 
striations. Well developed neutrophilic infiltraton  
Upto one 
week 
Necrosed fibres gets re absorbed by macrophages. 
Neutrophil gradually disappears. 
7-10 days Necrosed muscle in small infarct 
removed.Fibrovascular reaction more prominent. 
Pigmented macrophage seen. 
10-14days New blood vessel formation and collagen deposition. 
Granulation tissue seen.  
2- 8 
weeks 
Collagen deposition increase with reduced cellularity.  
>2 months Dense collagenous scar in myocytes.  
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Coagulative necrosis of myocytes is the typical presentationin 
a transmoral infarct. 
Ultrastructural changes that occur during early phase of 
ischemic injury are: 
 1.Glycogen depletion begins in 1st minute of occlusion    and 
negative after one hour26. 
 2.Swelling of mitochondrial seen at 15 minutes,vaculization 
and cristae disintegration occur by half an hour and membrane 
rupture by 5 hours.  
3.Stretching of myocytes in 30 minutes. 
 4.Rupture of sarcolemma within 5 hours. 
 5. Nuclei shows chromatin clumping at 15 minutes and their 
membrane rupture at 4 hours. 
BIOCHEMICAL CHANGES 
After occlusion of coronary artery significantly, within 
seconds myocardial oxygen content falls and aerobic glycolysis 
stops. ATP begins to fall  in 3 minutes and creatinine phosphate 
also in 3 minutes26. 
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MYOCYE FIBRE WAVINESS 
In the early stage of infarct development deformation of 
myocardial fibres seen, in which cases the death has occured in a 
time gap of 0-3hrs. Affected fibres are stretched and bent and then 
adjacent fiber forms the wave. This waviness of fibre is classified 
into three orders. 
First order waves every single affected fiber forms small 
wiggles. The twisted fiber occurs singly as aberration among 
normal myocytes or sometimes along the second order waves.  
Second order waves; fibers are affected in bundle. wave 
length is about 0.3mm and remain constant. 
Third order wav; It is seen when twisted fiber bundle 
undulate. Here weaving of myocyes fiber is clear on cutting the 
fibers longitudinally. In cross section banded pattern will result.  
It appears as band of segments alternating with band of dots 
and hence even in cross section the waviness of fiber is diagnosed. 
Second order waves are commonly seen among the wavy 
myocadium cases. It is usually restricted to the edges of infarct and 
not seen towards the center of infarct unless the infarct is limited to 
a small area. Subendocardial region is spared of waviness of 
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myocardium, but in cases where endocardium is thickened and 
covered with thrombus waviness can be seen. 
PATHOLOGY OF THIS FIBERS 
Normally in the bundle, all fibers are arranged parallel. If 
some become wavy and thinner, it is evident that of fiber has been 
stretched long. In infarction the contractile function of fiber is lost 
in 1 minute. This malformed fiber are well attached to normal 
contracting fiber an either ends. So at every systole, the ischemic 
fibers are subjected to tug which result in thinning and elongation. 
The entire thickness of infarcted myocardium bulge at every 
systole due to intra cardiac pressure, which result in loss of 
elasticity of ventricle affected.Untill  the state of polymorph 
infiltration the waviness is reversible but afterwards it is 
irreversible. 
CONTRACTION BANDS 
Contraction band is dense eosinophilic transverse band within 
the myocyte, which are sarcomeres and a form of pathological 
shortening. It is a useful adjunct in the diagnosis of early 
myocardial infarction28. 
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Between wavy fibers and normal tissue it appears in a narrow 
zone of myocytes. Flooding of calcium ion into cell produce hyper 
contraction of adjacent normal tissue and shunting together of 
sarcomeres which results in contraction band. Histologically 
contraction band necrosis is evident within ½ hours of infarction 
onset, whereas coagulative necrosis takes 6 hours for recognition29. 
POLYMORPH INFILTRATION 
In 5-6 hours of survival after onset of infarction symptoms, 
neutrophils or polymorphs marginate to vessel wall endothelium 
and migrate to vessel wall endothelium and migrate centripetally 
into the necrotic tissue of affected area. Initially polymorhs are 
seen in periphery and with advancement f time it extends to whole 
area of infarct30. 
VASCULAR CHANGE 
The usual and persistant finding in the infarction are 
congestion and dilation of venules and capillaries. Signs and 
symptoms included chest pain, tachycardia, sweating and dyspnea 
due to pulmonary congestion and edema. In old and diabetic 
patients due to neuropaty of afferent fibers that conduct pain, silent 
myocardial infarction results. The diagnosis of myocardial 
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infarction is mainly by clinical symptoms, ECG changes and 
cardiac markers elevation. 
COMPLICATIONS OF POST MI 
 Cardiogenic shock 
 Arrythmias 
 Dressler’s syndrome 
 Ventricular wall rupture 
 Cardiac tamponade 
 Sudden death 
 Hypertension and aged females are more prone for free wall 
rupture. 
Rupture of inter ventricular septum results in: 
1) Septal defect 
2) Left to right shunt 
3) Infarct expansion 
4) Pericarditis 
5) Mural thrombus 
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6) Papillary muscle dysfunction 
7) Cardiac failure 
8) Ventricular aneurysm 
MI patiens are immobilized for long period and hence having 
changes for  
1) DVT 
2) Pulmonary embolism 
Early mobilization reduces above risk31. Transmural 
infarction carries a worst prognosis then subendocardial 
infarction30. 
BIOCHEMICAL MARKERS USED IN THE DIAGNOSIS OF 
MYOCARDIAL INFARCTION: 
 Aspartate amino trans ferase.  
 Creatine kinase (CK,CPK). 
 Creatine kinase isoenzyme ( CK-MB)  
 Lactate dehydrogenase (LDH) 
 Creatine kinase-MB mass concentration. 
 Troponin I, Troponin T. 
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Early in history during 1950’s the AST was preferred in the 
investigation of MI, later CK was quantified and then CK-MB 
estimation came to light. Recently cardiac Troponin levels are 
evaluated and considered more specific for MI. 
In 2000 the ESC/ACC guideline considered the role of 
biochemical markers and their elevation in the diagnosis of MI. 
Further cardiac troponin I and troponin T overtook CK MB as 
the analytes of choice for diagnosis 32. 
PRIMITIVE METHODS OF DETECTION OF ACUTE MI IN 
AUTOPSY CASES 
Many methods were used in identification of early MI with its 
own benefits and drawbacks. Animal experiments were conducted 
for detection of early MI. Histo chemical staining using 
Tetrazolium dyes was introduced in the detection of early MI. 
Other methods used are,  
 Haematoxylin – basicfuchsin – picric acid staning. 
 Barbeito – lopez Trichrome stanining. 
 Na+/k+ ion ratio. 
 Mg+/Ca+ ion ratio. 
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 Flouresent microscopy  
Further imnunohistochemical method to detect loss of 
glycogen, myoglobin, fibrinogen complement (Sb-9) ceruloplasmin, 
C-reactive protein cy to skeleton proteins desmin, fibronectin, 
alpha-actin for detection of MI in its early stage. 
Immuno his to chemical method carries a grater benefit in 
detection, since the technique is not altered by autolysis and 
fixation by formalin. The only disadvantage in this method is the 
cost, where as Tetrazolium staining technique is cheaper and 
reliable method in the detection. Two azodyes Triphenyl 
Tetrozolium chloride (TTC) and Nitro blue Tetrazolium (NBT) are 
widely used. 
CK-MB IN SUDDEN CARDIAC DEATH  
An forensic expert rarely uses cardiac markers in the 
diagnosis of MI on autopsies than their clinicians who uses the 
marker on daily basis.  
Forensic doctors diagnose heart related disorders mainly 
ischaenic heart disease on autopsy table it self, based on the gross 
appearance and histological findings combined with clinical history 
before death. 
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But not all cardiac death cases shows positive findings. In 
such cases like micro infarcts, may go undetected or non 
demonstrable. Hence the need for a reliable cardiac marker to 
support the evidence of MI became popular. Among the various 
cardiac markers CK-MB and Troponin T gained more importance. 
Several study and journal was published related to the rise of CK-
MB level in sudden cardiac death and its diagnosis in post mortem. 
American journal of forensic medicine and pathology 
published a result on 1998 with 28 subjects of sudden cardiac 
death. Evalvation of CK-MB and Tropnin T was done and result 
proved rise of markers in significant cases. 
 An journal of medico legal Association of maharastra, 
conducted the study and found CK-MB has high sensistivity and 
negative predictive value in post mortem diagnosis, journal was 
published by PS Ghormade. 
Department of legal medicine, Osaka university, Tokyo in 
2007 conducted a study on the same topic with 234 subject and 
found a significant rise of CK-MB in maximum subjects with a post 
mortem interval of 1 day from time since death33. 
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Though many study support the CK-MB Estimation in post 
mortem, few studies mentioned its demerits. A study of MARIUS 
explained the absence of CK-MB in myocardium at autopsy due to 
perimortal tissue acidosis. 
In 2005 DAVIES and her colleagues argued the validity of 
post mortem blood as a suitable substrate for biochemical assay. 
Based on their study comparing antemortem and post mortem level 
of markers, erratic results having no significant correlation were 
observed and the possible reason was effects of autolysis, cessation 
of normal metabdism and excretion 34. How ever contray to above 
findings,  Ellingsen et al (2004) in their study noted that there is no 
correlation between CK-MB and post mortem interval. CK-MB is 
stable for one day after death. It suggest that elevated CK-MB 
reflects on going MI 35. 
Recently paper was published by pankaj suresh, Narendra 
baluram on the topic of diagnostic efficacy of CK-MB in 
pericardial fluid for the post mortem diagnosis of MI paper 
published by Indragandhi Medical Collage and research institute, 
Maharastra at 2014. The results were consistent with our study that 
CK-MB was elevated in significant number of cases of sudden 
cardiac death 36. 
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BIOMARKERS OF CARDIAC INJURY  
 Cretinine phosphokinase (CPK). 
 Creatine kinase (CK). 
 As partate Aminotrans ferase (AST)  
 Myoglobin. 
 Lactate dehydrogenase. 
 Cardiac troponins. 
 Glycogen phosphory lase isoenzyne.  
 NT–pro BNP. 
 Heart fatty acid binding protein. 
CREATININE PHOSPHOR KINASE:  
CPK rises with in 4-8 hrs after MI and usually returns to base 
value by 3days. It is not a specific marker as it is raised in many 
other conditions like. 
 Skeletal muscle trauma. 
 Poly myositis 
 Myopathies  
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 Intra muscular injection  
 Stroke  
 Hypothyroidism  
CREATININE KINASE AND SUBTYPE CK-MB  
 CK-MB is usually very minimal or absent in extra cardiac 
tissue and hence it becomes a specific marker in MI. In plasma its 
level rises 6hrs after the onset of symptoms (in absence of 
thrombolysis), reaches peak by 1 day and gradually returns to base 
level by 3days. 
CK-MB isoforms – an absolute level of CK-MB 2isoform 
greater than 10 U/Liter or ratio of CK-MB 2 to CK MB1greater 
than 2.5 has a sensistivity of diagnosing MI.  
ASPARTATE  AMINOTRANSFERASE (AST) 
Level of AST rises with in few hours of infarction reaches 
peak by 1day and return to normal by 72-96 hours 37. Like CPK it is 
also in creased in many muscular conditions 38,39. 
MYOGOBIN  
Myogbbin level rise with in few hours after the onset of MI. 
It lacks specificity and it is rapidly eliminated from body, So that 
blood level returns to normal within 1 day of MI. 
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LDH  
Five subtypes of LDH are known LDH 1, LDH 2, LDH 3, 
LDH 4, LDH 5,  
LDH 1, LDH 2, - Found in Cardiac Tissue. LDH 1> LDH 2.  
LDH 3, LDH 4, LDH 5, - Found in liver. 
A rise in LDH occur within hours after MI, but it is also in 
creased in a number of other conditions like muscular dystrophy, 
pernicious anaenice / kidney disorders.  
CARDIAC TROPONINS 
Three sub units namely Troponin T, Troponin I and Troponin 
C located on Actin of striated muscle (thin filament).  
Cardiac specific Troponin I Cardiac specific Troponin T have 
amino acid sequence different from skeletal muscle forms. 
Normally Toponin I and T are not detectable in blood of a healthy 
subject but its level rises more than 20 times in case of MI and 
hence its value is diagnostic in infarction. 
More than CK-MB, these Troponin markers are now the first 
preferred cardiac markers in the diagnosis of AMI. The level rises 
3-6 hours after infarction. 
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Even for minimal infarct, these markers are highly specific 40. 
Recently highly sensitive third generation Troponin T assay are 
done which are highly  cardiac specific and better than Troponin I.  
GLYCOGEN PHOSPHORYLASE:  
Glycogen phosphorylase is the best marker for early detection 
of AMI, but it is also in creased in unstable angina 41. 
Hypoxia breaks glycogen, structure gets changed into a 
cytoplasmic form and it is exited into ECF 42. 
Peri operative myocardial injury can be detected by GPBB in 
patients undergoing CABG. In 1-3 days it clears from the blood and 
so late cardiac changes in MI cannot be detected. 
NT-PRO BNP 
Ventricular cardiomyocytes produce this N terminal fragment 
of B-natriuretic peptide, which has a vasodilatory and natriuretic 
effect.  
These peptides are released from ventricle when there is an 
increase in wall tension. Thus NT pro B-NP is increased in patients 
with left ventricular systolic dysfunction and CCF. 
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In addution to cardiac failure, these NT-pro BNP is elevated 
in a number of conditions like myocardial ischaemia, pulmonary 
hypertension and sepsis 43. 
It also has an prognostic value in case of CCF and acute 
coronary syndrome. NT-pro BNP has also been shown to be as 
reliable as perioperative dobutamine stress test ,ECG and the 
revised cardiac risk index in the prediction of major cardiac 
events44. 
FATTY ACID BINDING PROTEIN 
It rises within 3 hours after MI and returns to normal level in 
1 day. It is a sensitive and specific marker for early detection of 
myocardial injury as compared to CK-MB and myoglobin 45. 
Materials and Methods 
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MATERIALS AND METHODS 
This is prospective study and the whole study was conducted 
in the Institute of Forensic Medicine, Madras Medical College 
Chennai-3 for a period of six months. 
This study quantitatinely analyzed the heart blood from 
pericardial fluid and in left ventricle for CK-MB level in sudden 
cardiac deaths within one day after death, by highly sensitive 
immuno turbidic metry method and correlated with the gross 
appearance of heart and its dissection. 
Study sample size is 20 cases of sudden cardiac death. A 
control group of 10cases consisting of death due to road traffic 
accidents, poisoning, hanging and cancer patients etc. Ethical 
clearance obtained from Institutional Ethical committee. 
In dead bodies with history of non traumatic sudden death 
and preferably with history of cardiac symptoms prior to death are 
selected for autopsy. After making a longitudinal incision on the 
skin, dissecting out the skin, subcutaneous tissue and muscle with a 
BP handle scalpel blade, reflecting out the skin to gether  with the 
muscle, cutting the ribs at the costochondral junction along with 
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sternoclavicular joint disarticulating it and the sternum lifted up, 
dissected out exposing the thoracic cavity. 
The pericardial sac is then opened with care and the heart 
lifted for pericardial fluid. Using 21G needle with sterile syringe 
the pericardial fluid collected. Care should be taken by not 
puncturing deeper and obtaining different sample. By same 
technique blood drawn from left ventricle. The collected blood 
transferred to sterile test tube corked with a stopper. This sample is 
sent for analysis in a private lab. 
CK-MB level is estimated by an method called 
immunoturbidimetry method. Total CK level and CK-MB level 
obtained. 
The Heart then removed, washed with running water and 
weighed . Gross examination of the entire heart was done to look 
for any presence of scar due to old infarct, hyperemia or any other 
morbid condition. 
Serial transverse section involving full thickness of heart was 
made at a distance of 1cm each from apex to the AV groove. Slices 
were examined for old fibrotic scar. 
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The heart then dissected along line of flow of blood, observed 
for raised atheromatous plaque on the inner surface of root of aorta, 
narrowing of coronary ostia, and narrowing of lumen of coronaries 
by plaque or thrombus. 
SUBJECT SELECTION  
The prospective study was conducted on cases coming for 
medico legal autopsy to the Institute of Forensic Medicine, Madras 
Medical College , Chennai-3. 
 Sudden death cases. 
 NON cardiac cases as control. 
INCLUSION CRITERIA  
The inclusion criteria comprised an un embalmed adult body 
with cause of death un explained or with cardiac history or 
symptoms.  
1) All cases with history of  non traumatic sudden cardiac death 
subjected for autopsy within 1day of death. 
2) All dead bodies diagnosed and treated for AMI and died 
within 1day of time from onset of infarction till autopsy. 
3) RTA and Natural death cases as an control. 
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EXCLUSION CRITERIA 
1) Dead bodies subjected to autopsy after 1day of time  
2) Cases of septicemia, kidney disease, lung disease and CCF are 
excluded. 
3) Dead bodies which are showing any signs of decomposition 
are excluded.  
4) Cases of any cardiac intervention done are excluded. 
There are various factor which alters the out come in this 
study. post mortem interval which strongly affects the level of CK-
MB. 
In this study most cases are brought dead to casualty and 
hence time of death is not known. The post mortem interval given 
in master chart is only the approximate time since death derived 
from the information given by the investigating officer. 
Analysis and Results 
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ANALYSIS AND RESULTS 
SEX DISTRIBUTION AMONG THE STUY SAMPLE (N=20) 
Sex Frequency Percentage 
Male 14 70% 
Female 6 30% 
Total 20 100% 
 
SEX DISTRIBUTION AMONG THE STUDY SAMPLE 
(N=20)
70%
30%
Male
Female
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SEX DISTRIBUTION AMONG THE CONTROL GROUP (N=6) 
Sex Frequency Percentage 
Male 5 50% 
Female 5 50% 
Total 10 100% 
 
SEX DISTRIBUTION AMONG THE CONTROL GROUP 
(N=6)
50%50%
Male
Female
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AGE GROUP WISE DISTRIBUTION OF STUDY SAMPLE 
Age Distribution No. of Cases  Percentage 
20-40 3 15% 
41-60 8 40% 
61-80 9 45% 
 
AGE GROUP WISE DISTRIBUTION OF STUDY SAMPLE
15%
40%
45%
20-40 41-60 61-80
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AGE GROUP WISE DISTRIBUTION OF CONTROL GROUP 
Age Distribution No. of Cases  Percentage 
20-40 4 40% 
41-60 4 40% 
61-80 2 20% 
 
AGE GROUP WISE DISTRIBUTION OF CONTROL 
GROUP
40%
40%
20%
20-40
41-60
61-80
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STUDY GROUP (N=20) RESULTS 
S. 
No 
Total CK in 
IU/L 
CKMB in IU/L 
Inference Left 
Ventricle 
Pericardial 
Fluid 
1.  220 65 72 Increased in Both 
2.  200 58 60 Increased in Both 
3.  245 62 63 Increased in Both 
4.  410 100 96 Increased in Both 
5.  180 45 50 Increased in Both 
6.  600 140 164 Increased in Both 
7.  170 20 18 Normal 
8.  257 58 54 Increased in Both 
9.  120 16 20 Normal 
10. 300 64 70 Increased in Both 
11. 110 12 26 Elevated in 
Pericardial Fluid 
12. 96 10 12 Normal 
13. 280 58 66 Increased in Both 
14. 584 100 116 Increased in Both 
15. 200 42 40 Increased in Both 
16. 240 58 62 Increased in Both 
17. 89 10 11 Normal 
18. 210 50 53 Increased in Both 
19. 234 64 64 Increased in Both 
20. 372 83 100 Increased in Both 
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CONTROL GROUP (N=10) RESULTS 
S. 
No 
Total CK in 
IU/L 
CKMB in IU/L 
Inference 
Left 
Ventricle 
Pericardial 
Fluid 
1.  350 80 86 Increased in Both 
2.  82 10 11 Normal 
3.  310 94 80 Increased in Both 
4.  264 80 26 Increased in 
ventricle blood 
5.  86 5 8 Normal 
6.  406 92 86 Increased in Both 
7.  100 10 9 Normal 
8.  110 8 12 Normal 
9.  79 6 9 Normal 
10. 134 12 11 Normal 
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SENSITIVITY AND SPECIFICITY OF CK-MB IN LEFT 
VENTRICULAR BLOOD IN STUDY AND CONTROL GROUP 
 
Sensivity 
Total MI cases with positive CKMB result 
Total Numbers of MI Cases tested 
 
Sensivity 
15 
x100 = 75% 
20 
 
Specificity  
Total non MI/healthy cases with negative CKMB 
Total control Cases tested 
 
Specificity 
6 
x100 = 60% 
10 
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SENSITIVITY AND SPECIFICITY OF CKMB IN 
PERICARDIAL FLUID IN STUDY AND CONTROL GROUP 
 
 
Sensivity 
Total MI cases with positive CKMB in Pericardial 
fluid 
Total MI Cases tested 
 
Sensivity 
16 
x100 = 80% 
20 
 
Specificity  
Total non MI/healthy cases with negative CKMB 
in Pericardial Fluid 
Total No. of healthy/ other cause death cases 
tested 
 
Specificity 
7 
x100 = 70% 
10 
 71
RESULTS 
The study MI sample contained predominantly men 70% and 
women 30% where as in control group both men and women were 
50%  
Among the age group, the study cases contained 15% in the 
group of 20-40yrs, 40% in the group of 41-60yrs and 45%in the 
group of 61-80yrs. In control cases 40% case was in age group 20-
40yrs , 40% in the age group 41-60yrs and 20% in the age group of 
61-80yrs. In the control sample 5 cases died due to road traffic 
accidents, 1case due to poison, 1case due to fall form height, 1case 
due to hanging , 1case due to liver disease and 1case due to cancer. 
In all the study cases (n=20) and control cases (n=10) the 
total CK was estimated in IU/L. Then the CK-MB was estimated  
separately in left ventricular blood and in pericardial fluid. When 
the CK-MB level was more than 20% of total CK then the case was 
considered to be of MI. The normal Total CK was 100-200 IU. 
Some school of study lower the normal limit of total CK to 70 
IU/L. 
 72
In the study cases, 15 cases out of 20 showed positivity of 
MIin left ventricular blood, where as 16 cases showed positivity of 
MI in pericardial fluid. 
Sensitivity of the study group in ventricular blood is 75% 
whereas in pericardial fluid it is 80%. 
In the control group, 6 cases out of 10 showed negative for 
MI in left ventricular blood, whereas 7 cases showed negativity for 
MI in pericardial fluid. 
Specificity of the control group in ventricular blood is 60% 
while it is 70% with pericardial fluid. 
Discussion 
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DISCUSSION 
Sudden death is defined as those death which occur within 24 
hours of onset of presenting illness. Among sudden death cases, 
death due to cardiac reason tops the list and among sudden cardiac 
death,death  due to atheroscelerosis accounts for 80% cases. 
Establishment of cause of death in cases of sudden cardiac 
death is a difficult task to the forensic pathologist. Difficulties are 
due to early myocardial infarction death and micro infarcts. Usually 
it takes 24 hours to see visible gross change in myocardium in case 
of MI and even microscopic change  becomes evident after 6-8 
hours of infarction, but most sudden cardiac death occurs within 
minutes to few hours after onset of infarction. In such cases 
diagnosis of MI becomes difficult and hence cardiac markers plays 
a vital role in diagnosis of such cases. 
Among the cardiac markers used, CKMB and Troponin 
gained significant advantage in diagnosing MI. 
Measurement of such marker in blood to detect injury to cell 
is straight forward and requires few factors. 
1) Sensitivity – Abudance in cell 
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2) Sepcificity – Wide distribution 
3) Sample timing – Half Life 
The aim of this short study was to measure CKMB level in 
ventricular blood and in pericardial fluid in cases and control 
groups and to compare its value and to predict which sample has an 
higher sensitivity and specificity in diagnosing MI. 
Limitations of this study include factors like Cohort size, 
autolysis, variation in time since death and cold storage duration. 
Inspite of all, the data was analysed that may clear our 
understanding of cardiac marker CKMB. 
Even under normal condition it is inevitable that all bodies 
subjected for postmortem examination will show some degree of 
autolysis which causes rise in CKMB than its premortem levels. 
Some other study have reported levels similar to living persons and 
have ruled out the role of hemolysis and autolysis. 
Although this was a small study CKMB level in left ventricle 
and pericardial fluid were statistically significant.  
Conclusion 
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CONCLUSION 
This study showed a strong relationship between postmortem 
CKMB level with death due to myocardial infarction. 
As like any study, here also there may be few, false positive 
and negative depending upon cut off value, logistic variation or by 
any increased time interval. 
We also should be aware of the normal value of CKMB in 
various standard lab, control samples elevated level and the nature 
of the sample taken. 
The history of the case, place of occurance and treatment details if 
any should be verified with the laboratory reports obtained. 
In conclusion out of the study group 20 numbers, CK-MB 
found elevated in ventricular blood for 15 cases and in pericardial 
fluid for 16 cases. In test group out of 10 cases, 6 cases found 
negative in ventricular blood and 7 cases in pericardial fluid. 
Plotting the datas, the sensitivity and specificity was found to be 
higher in CK-MB values obtained from pericardial fluid than ventricular 
blood in the diagnosis of MI. Therefore more large scale studies are 
needed before definite conclusion can be drawn from these assays. 
Master chart 
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MASTER CHART 
S.No Age Se Time singe 
death(appr) 
Gross appearance of Heart Gross appearance of Dissection 
1.  45 F <1 day 300gms in weight, No abnormality Multiple plaques in root of aorta. LV-2cms 
2.  72 M < 1 day 360gms in weight. whitish grey 
fibrous scar in LV anterior wall. 
Multiple plaques in root of aorta. LV-
1.6cms. proximal 2 cms of LAD showed 
plaques. 
3.  40 M < 12 Hrs 300 gms in weight. No abnormality LV-2 cms. Proximal 2-3cm of LAD, LC, RC 
showed narrowing. 
4.  66 M < 1 day 320 gms in weight. Whitish grey 
fibrous scar in LV. 
Multiple plaques in root of aorta. All three 
vessels are narrowed 
5.  59 M < 1 day 310 gms in weight. No abnormality Multiple plaques in root of aorta. LV-
1.5cms. LAD showed narrowing. 
6.  75 M <12 hours 400gms in weight. Old fibrous scar Multiple plaques in root of aorta. All three 
 2
S.No Age Se Time singe 
death(appr) 
Gross appearance of Heart Gross appearance of Dissection 
seen in anterior wall of LV vessels showed narrowing. 
7.  68 M < 1 day 300gms in weight. No abnormality Plaques in root of aorta 
8.  53 M < 1day 350gms in weight. No abnormality Multiple plaques in root of aorta. LV-
2.2cms. LAD showed narrowing 
9.  37 M < 1 day 300gms in weight. No abnormality Multiple plaques in root of aorta. 
10. 65 M  < 1 day 370gms in weight. No abnormality Multiple plaques in root of aorta and 
proximal 2cms of LC and RC 
11. 48 M < 12 hrs 280gms in weight. No abnormality Plaques in root of aorta. 
12. 64 M < 1 day 320gms in weight. No abnormality Plaques in root of aorta. 
13. 74 F < 1 day 360gms in weight. No abnormality Plaques in root of aorta and LC 
 3
S.No Age Se Time singe 
death(appr) 
Gross appearance of Heart Gross appearance of Dissection 
14. 67 M  < 8 hrs 400gms in weight. No abnormality Plaques in root of aorta. LV-2.5cms All 
three vessels narrowed 
15. 55 M < 1 day 340gms in weight. No abnormality Plaques in root of aorta 
16. 45 M  < 1 day 300gms in weight. No abnormality Plaques in root of aorta. Proximal 2 cm of 
LAD narrowed. 
17. 55 F < 1 day 300gms in weight. No abnormality Plaques in root of aorta. 
18. 53 F < 1 day 300gms in weight. No abnormality No abnormality. 
19. 65 F < 12 hrs 360gms in weight. No abnormality Plaques in root of aorta. 
20. 36 F < 1 day 325gms in weight. No abnormality Plaques in root of aorta. 
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